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A p^™°Jo^i USTiNG PENSION A thermal printer is usually provided upstream of the 

APPLILO lO SHEET, AND DEVICE FOR position where the sheet is folded in half for printing the 

THE SAME packaging sheet. If the sheet vibrates, its printing dots may 

, ch ip, or the durability of a remainder indicator lamp may 

This a divisional application ofScr. No. 09/315,045, filed 5 deteriorate. 

w/n fkii^' 7. W f h C fe , o^ iSi ° nal , f PP"i cation of Ser ' No - An object of this invention is to provide a method and a 

09/111,477, filed Jul. 8,1998, aowU.s. Pat. No. 5,967,445, device of adjusting the tension in a sheet which is free o^the 

£ Z n D W Q : a 7 tl0n - in -P art f IP > ° f Ser N °- 08/927 > 320 ' P ro blems of a associated with conventional methods of 

hied Sep. 11, 1997, now abandoned. ^ang the tension in a sheet. 

10 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

ann^H t Ve a l° D t elateS * ' ° f ^f? 8 Accordin S to this ^^on, there is provided a method of 

applied to a sheet more particularly a method of adjusting adjusting the tension in a sheet comprising bringmTa 

he tension applied to a sheet pulled out of a sheet roll in a braking means into engagement with a JS^SpSSS^ 

sheet roll, and a device for carrying out the method. shaftj measuring the length of a sheet J iQg PP d from ^ 

One conventional drug packaging device includes a sheet of paper mounted on the roll support cylinder with a sheet 

teed unit rotatably supporting a rolled sheet of heat-fusible length measuring sensor, calculating the winding length of 

packaging paper, and a sealing device provided in a feed the roll of paper after the sheet has been fed by subtracting 

path through which the packaging sheet is unwound and fed. 20 the sheet length measured by the sheet length measuring 

Upstream of the sealing device, the sheet is folded in half, sensor from a prestored maximum sheet length of the roll 

drugs are supplied, and the sheet is heat-sealed in the width calculating the current diameter of the roll based on the 

direction and along the edges by the sealing device to seal winding length of the roll and the thickness of the sheet, and 

rugs. adjusting the tension in the sheet by controlling the braking 

\Vhen the packaging sheet runs out, a new paper roll is set 25 force of the brake means in a stepwise manner according to 

in the paper feed unit, and the new sheet is unwound and fed. the current diameter of the roll. 

When the sheet is fed, it has to be tensioned uniformly so The sheet length measuring sensor may be a sheet feed 

that the sealing position will not deviate due to inaccurate length detection sensor provided in a sheet feed path or an 

folding of the sheet. But actually, the tension applied to the angle sensor provided on the roll support cylinder for 

sheet changes gradually because the diameter of the paper determining the sheet feed length based on the rotation angle 

roll changes gradually as the sheet is unwound. of the roll support cylinder. 

Examined Japanese utility model publication discloses a There is also provided a method of adjusting the tension 

sheet tension adjusting device which can apply uniform in a sheet comprising bringing a braking means into engage - 

tension to the sheet even when the diameter of the sheet roll 35 ment with a roll support cylinder rotatably mounted around 

cnanges. 1 he sheet tension adjusting device disclosed in this a nonrotatably supported support shaft, detecting the length 

publication has a roll support cylinder on which is detach- of a sheet being fed from a roll of paper mounted on the roll 

ably mounted a sheet roll. A plurality of roll diameter support cylinder with a sheet length measuring sensor 

detection sensors are provided at the side of the sheet roll. detecting the rotation angle of the roil support cylinder with 

Signals from these detection sensors are used to control the 40 an angle sensor, calculating the current paper length of the 

electromagnetic force produced by an electromagnetic brake roll based on the sheet length or the rotation angle measured 

provided in the roll support cylinder so that the braking force by either sensor, and adjusting the tension in the sheet by 

decreases stepwise as the roll diameter decreases. controlling the braking force of the brake means in a 

With this conventional sheet tension adjusting device, the stepwise manner according to the diameter of the roll 

sheet length of the sheet, which changes as the sheet is 4S corresponding to the current paper length of the roil 

unwound, is detected stepwise by the roll diameter sensors In the first method, the sheet length is measured by a 

arranged m the diametric direction of the roll. Thus, when single sheet length measuring sensor. Thus, in this method 

the roll diameter decreases to a point where the detection it is essential that the full sheet length of the paper roll be 

sensor rank changes the braking force rank of the electro- known. This length is thus stored in a memory, and the 

magnetic brake wiU fluctuate uo and down for — ; ^ ^ — u caiciuated by subtracting the sheet 

uue to aeviation ot the axis of the core shaft, the weight of feed length from the full roll length stored in the memory 

™ \° f ? St K 3in - Such a fuU ro11 len S tb does ">t necessarily have to he an 

If this happens the sheet edges cannot be aligned accu- actually measured value but may be appcoimateiy caicu- 

- '.v..e.n . r sueet isiuiaea in halt. Complete packaging lated based on the roll diameter and the sheet thickness 



is thus impossible. Since the braking force rank changes 55 Such an approximately calculated value is sufficient to 

dSon 3 laCerati0D * the Width ^J^ 1 sheet tension because the braking force is adjusted 

* roughly in a stepwise manner according to the changing 

Light reflecting type detection sensors have a problem in diameter of the paper roll. Thus, even if the full roll length 

that they are more likely to malfunction. Packaging sheets is not the full length of an intended end product, for 

used for a drug packaging device include semitransparent, or 60 example, even if the roll has been half used, it is possible to 

transparent heat-fusible paper and many other kinds of calculate the current roll length if the full' roll length and 

paper. If the end position of such a sheet changes, light is diameter are known. 

reflected differently, making it impossible to detect the Based on the thus determined current roll length and the 

reflected light as a signal. This deteriorates detecting accu- sheet thickness, the current roll diameter is calculated The 

racy. Further, a tends to meander under the influence of 65 current roll diameter thus obtained is used to adjust the sheet 

humidity variations. Detection accuracy may deteriorate due tension by selecting an optimum brake force in a stepwise 

to uneven end faces, manner 
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In the third method, signals are detected hv the sheot et^ „ •,, 4 

length measuring sensor and the angle sensor. Based on the shnnW * h ° W 3 S " P detection »•*»■ de tects 

change m one signal relative to the other, a change io the roll P 8 ' 

length is directly measured. 8 °" ™,-r,„ 

possible to select a stepwise control level of the braking Embodiments of this invention are described with refer- 

force simp y by detecting the change in the roll length. Thus CDC f t0the P'^. 1 is a schematic diagram of a drug 

IfJZT^ l °K adjUSt ,he Sh6et tension t0 an °P^um level' 1*°^ micb ™' sh °™S mainly a paper feed unit Z 

tZ ™n J i &e ty con,rallill g the braking force according to 30 """.l ,™ e paper feed "»» has a support shaft 1 on 

the roll d.ameter « » which is rotatably mounted a core pipe P on which is wound 

lUe third method according to this invention comprises n„, ?l 3 df " g P"**^ paper sheet S. The sheet S is 

carrymg out a special mode before a normal mode in whkh "T e "* ^ fed lhron « h feed 2, 3 

the tension in the sheet is adjusted while the sheet is being Packaging unit. 

tag lenar^ 0 ^. iDC ' Uding calculati ng the paper wind- 15 J? ' be P acka g*g unit, the sheet is longitudinally folded in 

length ™ j t r °" ba f d on *• signals from the sheet h a ' fb y a .'n a ngular plate 4. Drugs are dropped into the spa" 

tK™T 2* , J bC aDgle SMSOr m the same ma nner as in ^fu d • m th£ foWed sheet - ™ e shee < « then heat-sealed 

fS2^ K° mChiD , 8 ° Perati0n 10 wbicb tbe s hee, and al °°g both side edges at predetermSd 

LTT I V by 3 P redete ™ined length, and adjust- "^ a . by rolIers 6 P rovided with perforators 

of 8 the n. , 8f0 ^u anintermedia,elevel before the start 20 ,he P 3 "* 4 ^ unit i^ludes numerous other parte 

of the normal mode based on the roll diameter calculated 0nly eSSen,iaI P arts are shown for simplicity 

sheet £ffi„T^ leD8th •? adjUSt ' he tension » the • FI . G - u i$ 3 P3rtial Vertical section °f tbe paper feed unit 

forth in £ • ^ dvan i a f s of tfa is arrangement are set "? wbicb 'he roll of paper R and the core pipe P are set T 

forth ,n the description of the embodiments. shown, the support shaft 1 comprises a cenfer shaf Ua K£ 

Any deviation in position between the roll support cyl- 25 °" end there ° f faed 10 a su PP orl P'^ U by a nut an outef- 

mder and the paper roll delachably mounted onrtie ro 1 sbafi 16 ^grally mounted around the center shaf'tTa and 

from n , ° n 30 mconsiste Dcy between the signal beann g s 12 Prided near both ends of the outer 

cZh 3 h 8 S6DSOr pr ° Vided belween ,be r °U support Sb3ft lb - 

the 3 SUpp0 f rt P' a,e of lbe support shaft for detecting 30 ^ ce nter shaft la has a shaft head 13 at one end Th. 

mm h T 6 ° f SUpP ° rt C y liDder 40(1 "e signa! ouler shaft 16 has a flange 14 at the same one end 

from the angle sensor provided between the paper roll and bollow shaft lc has a flange 15 at the other en,t ^ 

the support shaft for detecting the rotation angle of C£ P «» "» roU ° f P a P- mounted o^ the holl^ shTffl^ 

n.i, r 3fe rolat able relative to the outer shaft lb A nlurahiv nf 

becom/, , ? t nd °u jeCtS ° f the P resem inve n'ion will 35 ma gf<s 16 are provided on the inner peripheral surface of 

reference P o Pa th^ , ^ ^T* deSCriplioD made ^ b k"^, 15 3 ' SUit3ble intervak - ^maSefc Sn) 

reference to the accompanying drawings, in which: mem be/s 17 are provided along the circumference of anTnd 

BRIEF DESCRIPTION OF THE DRAWINGS ™l , P ' pe R 7,16 ma 8 Dets 16 allra ct the ferro- 

_J _ ' 50 The motor brake 20 is small A C -m^t^ ~ ti ^ 

™'. ° B a siae Vlew ot the paper feed unit of the second vo "age. As will be described below, braking forcels variable 
embodiment as viewed in the-direction of the arrow VI-VI » ^ ^ 3Crordin g t0 *• tension in SjSSSS 
0t tlh 2 ' S bemg unwound bv changino th. nr "f™ 8 ^ 1 



aHn.^no h " —"I""'" v,cw 01 an angle sensor of a tension "~ ■"" 6 " i " 

FK^lSS 3 T 11 ' embodimeD t; 55 .Magnets 24, Hall element sensor, 25, a proximity switch 

angle 2'n^f "* m3liC WeWS ° f differeDl ^ s of 2 D 6 en ^ d P ro J ec "°os 27 are described in the second embodi- 

iPn^ GS ' ! A 3Dd '? 3re Views showing basic function of the FIG ' 3 schematically shows a brake circuit for controlling 

tension adjus ting device of the second embodiment; Z'oaneT *?* ** ^ Paging sheS 

HG 10 . a flowchart showing a special operation mode ^ ?' P " feed , Um " and Packaging drugs. A control unit 30 

of the tension adjusting device of the second embodiment; ^ '1 " ^ 30 e " d ^ 31 - «««» ^ a rotary 

,he?. G f 15 3 fl ° WCh3rt Sh0win 8 a DOrmal aeration mode ! ~S PrOV „ ^ n63r Sf feed rollers 3 ' a "d those from 

thereof ; 3 revolv >ng speed counter 33 mounted on the output shaft of 

FIG .12 is a graph showing the relationship between the 65 6 ITJnT^u ^ ^ ° f ° De ° {thc healin g ro "ers 

DC voltage apphed and the winding lengm dur"c Z L lr P ^ ^ b3Sed ° D 0De of tbe ab °ve signaU, outputs 

special mode; and 8 gm aurmg the for acdvating the motor brake 20 or the motoi 6a Numeral 

34 mdicates an input unit for inputting external data 
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Drugs are packaged while adjusting the tension in the 
packaging sheet with the sheet tension adjusting device of 
the first embodiment. 

In the first embodiment, the maximum diameter dmax and 
the minimum diameter do of the roll of paper R, which are 5 
to be set in the paper feed unit, are known beforehand. 
Braking force produced by the motor brake 20 is varied in 
four stages according to the signal from the rotary encoder 
32 to apply suitable tension to the sheet by adjusting the 
braking force according to the changing diameter of the 10 
paper roll R. 

The roll paper R shown has a maximum diameter dmax- 
160 mm, minimum diameter do**64 mm, and sheet thickness 
y=30 ftm. In this case, braking force produced by the motor 
brake is varied every lime the diameter of the paper roll R 15 
decreases (160-64)/4=24 mm. 

The length of the sheet forming a roll R of a given 
diameter is given by the following formula: 



l = [(4, +2x7) + (4 + 2x2r)->- ■-• + (d 0 + 2x(rt-i)r + 
o [/i4> + 2(1 + 2+ ■•*+« - 1 +n)y]n 



. „ n(«+l) 



(1) 



20 



30 



35 



25 



(wherein n is the number of turns) 

The diameter of the roll R is given as follows: 

dmsx-do+2xnY (2) 

From Formula (1), the length Lmax of the sheet forming 
the roll R when the roll diameter is maximum is: 

Lm««-l64xn-hn(n+l)x30nxl0- 3 >i 

From Formula (2), dmax=64+2x30nxl0 _3 =160 (mm) 
Thus, n=96/6xl0" 2 =1600 40 
Hence, Lmax=(64+1 601 x30xl0" 3 )xl600jt»5 62,688 (m) 
Now, let the diameter range of the roll of paper divide into 
four stages N-l (largest), 2 (second largest), 3 (third largest) 
and 4 (smallest). The maximum sheet length of the roll in 
each stage is given by the following formulas: 45 
where N-l, Lmax-562,688 (m), (n-1600, dmax- 160) 
where N«2, Lmax-376,800 (m), (n-1200, dmax=136) 
where N-3, Lmax=22i,056 (m), (n=800, dmax=112) 
where N-4, Lmax=95,456 (m), (n»400, dmax =88) 
The contrnt »™i in ---- 0 ; gud i uom tne rotary 
encoder 32 to measure the length of packaging sheet S to the 
feed rollers 3 and determines which one of the stages 1-4 the 
diameter of that the roll R is in. Then, the control unit 
determines the DC voltage to be applied to the motor brake 
20 so that an equal tension is applied to the sheet for all the 
stages 1-4. For example, the DC voltage is determined as 
follows: 

where N-l, V=25V 
where N«2, V=16V 
where N-3, V=12V 
where N-4, V=8V 

Referring now to the flowchart of FIG. 4, this method is 
described more specifically. 

First, as shown in FIG. 1, the packaging sheet S is slightly 65 
unwound from the paper roll R to a point at least down- 
stream of the heating rolls 6 and sandwiched between the 



55 



60 



heating rolls 6 so that the sheet can be heat-sealed by the 
heating rolls 6. 

In this state, the control unit is started. In Step SI, data on 
dimensions of the paper roll R is entered through the input 
unit 34. Such data, that is, data on the completely wound 
paper roll R may be stored in the input unit 34 beforehand 
and fed to the control unit when a signal on an end product 
is entered, otherwise, necessary data may be entered through 
a keyboard every time such data are needed. The latter 
method is advantageous when a half -used paper roll R is 
reset. When these data are entered, the control unit 30 begins 
to control the computation and feed the packaging sheet S. 
In Step S2, a maximum DC voltage is applied to feed the 
packaging sheet S with its teasion kept at the maximum. 

In Step S3, a signal on the sheet length data is read. In this 
embodiment, this signal is the signal from the rotary encoder 
32 and is inputted from every processing cycle in each of the 
steps described below. 

In Step S4, based on the input signal, the control unit 
calculates the number by which the turns of the paper roll 
has decreased from the maximum diameter until the above 
signal is inputted, and based on this number, calculates the 
remaining the sheet length of the paper roll and its diameter 
at this moment, using the formulas (1) and (2). In Step S5, 
based on the thus calculated remaining sheet length of the 
paper roll, the tension level is determined. 

That is, in Step S5, the control unit 30 determines, based 
on the remaining sheet length of the roll, which one of the 
stages 1-4 that the diameter of the paper roll R is in. If the 
diameter of the roll is in stage N-l, a predetermined DC 
voltage for tensioning the sheet S to the maximum level is 
applied to the motor brake 20 in Step S6. 

If Ns*l, the control unit determines if N-2 in Step S7. 

If N-2, a DC voltage of 16 V is applied to the motor brake 
20 in Step S8. If N*2, the control unit determines if N-3 in 
Step S9. If it is, a DC voltage 12 V is applied in Step S10. 
If not, the control unit determines if N=4 in Step Sll. If it 
is, a DC voltage 8 V is applied in Step S12. 

The above operation is carried out for every cycle in the 
processing loop. If N*4 in step Sll, which means that the 
packaging sheet S has been unwound completely, the control 
unit stops the feed of sheet S after confirming the signal from 
the end sensor 31 in Step 13. This completes the entire 
control. 

In this embodiment, the signal from the rotary encoder 32 
is used to measure the sheet length and control the motor 
brake 20 based on the sheet length. But instead, the sheet 
length may be measured by use of signal from a sensor 
provided on the support shaft 1 of the naner fiv-H "« ; * p ~ 
JUwcuug ujc rotary angle of the paper roll R. This sensor is 
used in the second embodiment. 

In the first embodiment, it is assumed that the sheet has a 
thickness of 3D //m. But actually, while the sheet is being fed, 
it is stretched due to the tension applied to the sheet. Thus, 
the sheet thickness is usually smaller while being fed than 
while in a stationary state. Thus, the sheet thickness while 
the sheet is being fed should be determined by reducing the 
sheet thickness in a stationary state by a certain rate which 
is estimated based on average elongation of the sheet while 
being fed. 

FIG. 5 and the subsequent figures show the second 
embodiment, which is of basically the same construction as 
the first embodiment but includes additional elements so that 
the sheet tension can be controlled with higher accuracy. 

The paper feed unit and the packaging unit of this 
embodiment are those shown in FIGS. 1-3. This embodi- 
ment differs from the first embodiment in that, as shown in 
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will be kx160 mm c ! r ° H d,amete r is maximum 



the roll R to adjus, the tens^ ^TL^Z 

some JSS?£f numtTand a' 0 ' ? ' F1G 8 Sh ° WS 
variation, the Hall element ^nTr ifsZZsT J" "* 
puke signal every time the coTpJT^Ef"" ' 

££n P ™ r ^' SUCh P hot «* « mounted on an 
tension or mounting seats nroviV^H . " 



unwound length of 3140 m/m ^™ /10=J14 ^ For the 
When thTZu a- /m ' the pulse numbe ^ will be 10 

numoer. ] nat is, since jtx64/1 6-1 ?o < / r . P u ^c 
» JgJ - 3!40 m/m, th^^f^^S 




Vl-VofW^ 35 Vie , WCd k tbe direc «'on of arrow 



this example, a single proximity switch 26?* If ^a^' 1* ln the s P ecia l mode shown in Fir m >u 

rotary ^n^-r^ r • - l -"» u - V"" yiuducea dv the 
In FIGS. 9A. OR f^tJ^^^^^Sle sensors. 



In FIGS 9A. 9R fn h 3S 1,16 an 8 le a**"*- before the sTar. nf , i> r u * swlKnu, 8 on the contr 

per roll is not alwavs »t h«t ^ . com P Iete 



Han i 25 „ ^rrsMSs' 7 
Si ,hat - 

lar£ tT? ^ ^ When the radius * .he paper roll is 
large, the angle sensor produces fewer pulses whil? ,h 
packaging sheet is unwound by the lenorh 1 a a 
roll radius decreases as shown FIG Tb ^ 
puUes increa^ ir ih. ■ ln M,J - the number of 

radius rTS' L'^nf T * ^ roU 
, dl 115 maximum and minimum is 1 an ri in 

respec^vely, the range of pulse ounTTfrom Iw ,°' 

divided m ,o four stages so as to app.y 0,C ^ZtZ £ 



the unwound length of sheet wh," f m,ned based on 
of pulses have h Z n S J heet J when a Predetermined number 

.hism«ho ' ; foltews Pr ° dUCed M ° re d6,ailed descri P^n of 
flowchart of a I t 1 Specifically, RG. 10 is a 
flowchart of the normal mode U 15 3 

;« ., .. A °" "<° ,u " out ana a new mil 

~ n * T- °" U !>p,1Cea to the Preceding sheet 

beSe 6 IL sT^H 51 ft by SWi,CbiD S 0n the oon^ol unit 

sheet k 1 , ° f the °P erati o«, and the packaging 
sneet is manually set in ih» j •■ . v ,W 6 ,U S 



paper ro 1 is not alwavVse. bm h T ' BeW> ^P' 6 * 
u«H mil „ « w . a ys set but there is the possibility that a 

SbeL? £h ^T 8 e . 8 ' mt lbe diame,er of a new ol 
60 paper roll ih ' ^ °° ly half the diam «er of a new 
feSaller ,h T * ad j USled 10 an intermedia,* 

Se *?" tenS '° n —ponding to the diameter^ 

sJn 5? m ° de ^ J'"^ to oe the special mode in 

Step SO the tension is set at the maximum level in StaWM 
65 and various sensnrc r^r.. 5te P ii>1 > 

counter ZdkTlf ** rotation nl "»ber 

activated 7stoi l<5?\ f * Dsor ' o° re P'Pe slip sensor) are 
activated (Step SS2). In this state, the packaging sheet is fed 
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^ F ! G - ^ ^ — when such a 

sensors or Hall element sensors 25. ^ ?°f IOn shlft ° ccu *- As shown, the slip detection sensor 

In Step SS5, the control unit calculates the sheet length of core *?* 3 ' P ° SilionS C and D af, « «* 

the paper roll based on these signals using the above < Z P ? 3 COmplete tura lns 'e a °, pulse signals 

descnbed formulas to determine whether the Mil has The I P 1 D 3nd A *°™ displacement 

maximum diameter or not, e.g. half the maximum diameter det^Tnn * ^ T" 0 ' U " il Can determine ' ha < *e slip 

If this calculation is not possible (NO), Step SS3 Tew ed !v r!^ haS fa " ed t0 produce a P*<* signal « 

lf the conditions for reentering the special mode are aH in i^TT T u , ! f ° r exampIe > the DC «nent of ] 6 V is 
removed, ff they are, the tension's adjusted to a su' able vol,, g I ^ N=2 ' S ° that the tension * '°° high, the 

^el.nS te pSS«.S,ep,SS9a n dSS10a,is te psLdeTSg sSbfekte. WU^ "V* V «° adjUSt 1,16 ,ensi °° <° 

slipping of the core pipe, which will be described later ™ h I ^ h ' h ' S V °' tage ad j us "*ent, a pulse signal 

During tension adjustment in Step SS8, a DC vol age A trZ . " ^ deSired P ° sition after P ositi °" D 
corresponding to maximum tension is set at 25 V if the pan! r is to ,! J 8 P ° Siti ° n shift of the «" P*Pe P due 

roll has a maximum diameter (new) and at about 20 V if EL f t ™ l!lUOn ' the contral ™" ct *<*s in Step S16 

paper roll diameter is about half the maximum dime er to h P Ti " St '" , W0Und 0 " the pipe P based the signal from 

preven t any abrupt change fa «nnmi diameter to he end sensor 31. If the sensor 31 has not yet defected^ 

When the tension has been adjusted to a suitable level the «T!hM £*L V papcr '. ' he S ' 6p 83 operation is ca ™d 
program returns to Step SO to determine whether or not to 20 wfn'dW ' ,k sh f ' tension is «»nttoIled according to the 
carry out the special mode operation again. This time the cTculafions" 8 PapW rM by repe3tin 8 the abov « 

program proceeds to the normal mode [Al calculations. 

In the normal mode shown in FIG. 11, an inching mode detect, ^T' 7°? endS When the end *"*>r 31 

switch is manually changed over, and then in Step SI the neces^arv or rf h ^ ° f the sheet S - If " * 

previously set data is read out, and the various sensors are « " ecesS3ry or desired to cont.nuous packaging thereafter, the 
kept, urned on (S2). By this time, the norma™ rauonof h "V* Spedal mode '° "place 'he roll R 

packaging unit has started. At the start of the In" , c ~ °" e and connect the shee ' ends, 

operation, the tension is controlled to the DC current vZe chartfoMh, ^° T Sh0WD by chain lines in now 
suitably set in the special mode. ° hart for lhe s P ec,aI m ° d e. which means that these steps are 

Then in Steps S3, S4 and S5, the sheet length signal and so sT™^'' «f thou S h > ,heir Unctions are the 

angle sensor signal are inputted in the same mL Z in the TZ^T *' ^ ^ SHp det6Cti ° n °P erati ° n 'he 
special mode to calculate the sheet length of the roll This Z tZ , ■ ■ 

calculation ,s carried out substantially in the above! thaMh 7 ^'P''™ 1 has been made on the assumption 
described manner. If, as a result of calculation, the rofi R ? * " full - v ° lume ro »- « a roll about half 

turns out to be an unused, full-volume mil, the DC vol Le « Ln« L ^ dlame ' er 18 S6t in "* P a P er feed ""it, after the 
>s set a, 25 V, 16 V, 12 V or 8V in Step S7 S9, Sll or S13 Slv I " T * the S P ecial mode a '^1 

according to the judgment in Steps S6, S8, S10 and SU T in mL fim f ' „ the tenS '° n dunn 8 the normal m °de when 
the same way as in the first embodiment. FIG 12 shows 'the A f "^ me roU 15 UDW °™d to about half the maximum 
relationship between the above-described windingTngt I? ^ ."T * m ° de 18 star,ed - " » thus possibTe to 
and the DC voltage control. 8 &h „ smool Uy start the normal mode without the possibility of an 

After the tension control has been carried out via anv of ?Tf in tenSi0n ' 
the abovementioned routes, the control unit determines if the h de f r i P V on of the first and second embodiments, we 

core pipe is slipping in Step S14 based on the sign^ from tie ^JSf *f ^ • aSSembly th « P™xim- 

proximity sw.tch 26. As shown in FIG. 6, thelwitch 2« is Z^S th, P^^' 0 " 5 27 as a sens Of for detecting 
provided opposite to the 16 ferromagnetic projections and 4, JZ, £?" P rdatlVe ,0 the hoUow s ° a ft K. But this 
produ ces a pulse signal every time'the coT^e rotates " ■"'• ,y "t^ * * S " bStitUte for the ~ 

22.5 ,n exactly the same manner as the Hall element anl seTs^r 25 t f" magDetS 24 and HaU el ™™ 
sensors 25. s c sensor ^5 as an angle detector sensor. 

In the embodiments, the angle sensois 25 and 26 are swSh SCnS ° r asscmbl y comprising the proximity 

^ STi but . -V b = 0^ same type. TT?^ 50 ^i^J^ S 27 . ke6pS ° UtpU "^ a A ^ a ' 
« -"^wo tuc iciauonsnip between the nulse ^enr ->« u 0 ~" " &i " " wtv ^ lluu u y nail element 
signals produced by the angle senso re and the rotation angte £ IrL ° i ™ ™" 13 > 15 loD 8 » »° abnormal 
As shown, the pulse signals by the slip detection sensor can 1.1 J* , apP ' ied ff0m the motor 20 (^e e.g. to 

0 "' ai «^a ^ncnronousiv with the n U ic^ c ;^-,u u„ «i * w Ui "^"g niuiui 2u;. inus. it is nn^thlp to ^ 

winding length detecting sensor unless' "tfiV wkdkg condT 55 " > VT > ^ ^ *" d e'ecUon signal. ~" 
tion changes with tension. 8 Dm 55 If ^e proximity switch is used as an angle detection 

But if the rotation resistance of the motor brake 20 dtSl ~ ' e ' ement sensor 25 > which is used as an angle 
produced by each of the above-described DC vol ages is cZ Z "7"' * ""T ^ 3Dd C3n 1,6 omi ' ted - '^ 
nappropnate, for example, if the tension is too large a the bo^'ls , Tt ^ """^ ^ pr0ximi, y swi « ch ^ 
tension level N-2, the paper roU R will rotate stronglv 60 fnr^h 8 m a " d a slip detection ^ order 

together with the core pipe P. This may cause a S ^5 ^ ' f P deteC,i ° D W a reference 

position where the ferromagnetic members 17 are attracted 25 V , SuCh 3 reference si en a] c » be provided by 

to the magnets 16. If this happens, although the Aall elemem T encoder , 32 - * 

sensors 25 keep producing puke signaUa, regu an ™ motor 20°^ ^ *** * apP ' ied form tbe b ^"8 

.n ervals of 22.5°, the proximity switch 26 may produce^wo 65 and 1 1 f u ^ 20 S '° pS ' lbe hollow sha ft K 
pulse signals simultaneously and fails ,0 produce a signal fi££ Sf ^^V- S "P thus occurs between the pipe 
when the core pipe rotates another 22.5° 8 f, ^ ^ flange 15 lf P a Pe' * being fed even slightly in this 

state, the rotary encoder 33 will produce a signal. Thus the 
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proximity switch 26 can detect that the pipe is slipping 
relative to the flange 15 from the fact that the pulse signal 
from the encoder 33 does not coincide with the pulse signal 
from the proximity switch 26. 

As described above, according to the present inventions, 5 
the paper roll diameter corresponding to the current winding 
length of the roll is calculated based on data on the sheet feed 
length measured by the single sheet length sensor and data 
on the full winding length of the roll to adjust the sheet 
tension to an optimum level by controlling the braking force 10 
in a stepwise manner based on the paper roll diameter 
measured. Thus, it is possible to adjust the sheet tension to 
an optimum level by selecting the braking force in a step- 
wise manner corresponding to the roll diameter correspond- 
ing to the gradually decreasing winding length of the roll, 15 
unless the winding length of the roil begins to increase. It is 
thus possible to smoothly adjust the sheet tension without 
the possibility of abrupt tension fluctuations due to sudden 
fluctuations in braking force when the roll diameter changes 
slightly. 20 

According to another aspect of the present invention, the 
current winding length of the roll is determined based on the 
change in the signal from one of the sheet length sensor and 
the angle sensor relative to the signal from the other sensor, 
and the sheet tension is adjusted by selecting a braking force 25 
corresponding to the diameter corresponding to the current 
winding length. In this arrangement, even if data on the full 
winding length is not known, it is possible to adjust the sheet 
tension by selecting a braking force corresponding to the roll 
diameter corresponding to the current winding length deter- 30 
mined based on the measurement data. Thus, it is possible to 
smoothly adjust the sheet tension without the possibility of 
abrupt change in tension, in the same manner as in the first 
invention. 

In the above embodiments, the angle detection sensor, 35 
shift detection sensor and winding length detection sensor 
(rotary encoder) are all used to determine the diameter of the 
winding. But it is also possible to detect that the sheet has 
been cut, using some of these sensors. This function is useful 
because the sheet tension adjusting device of each embodi- 40 
ment is used with a drug packaging device, and a sheet fed 
to the packaging device may be cut due to an excessive 
braking force applied thereto or due to the fact that one of 
the sheet rolls has run out of sheet. 

In the second embodiment, the feed length is detected by 45 
the rotary encoder 32, Based on the feed length detected, the 
sheet length wound on the roll is calculated. Based on the 
winding length thus calculated, which is a pulse signal of the 
angle detection sensor or Hall element sensor 25, a winding 
raHiuc ; c -"1— ;^ aJju&i tne oraKing force. Also, the 50 
"shift" of the core pipe P relative to the flange 15 is detected 
by the proximity switch 26 as a shift detection sensor. The 
signals from these sensors can also be used to detect thai ihe 
sheet has been cut, in the following manner. There are two 
cases in which the cutting of the sheet is detected. 55 

In the first case, sheet is cut between the paper roll R and 
the rotary encoder 32. In this case, one or either of the angle 
detection sensor, which is the Hall element sensor 25 and the 
shift detection sensor, which is the proximity switch 26 is 
not producing pulse signals, while the rotary encoder 32 is 60 
producing a length measuring signal of the sheet feed length. 

In this case, the control circuit 30 can determine that the 
sheet has been cut by the addition of a program for deter- 
mining that the sheet has been cut. Based on this judgment, 
the control circuit 30 transmits a control signal to the motor 65 
6a of the beating rollers 6 to stop the rollers 6, and also 
transmits a control signal to the feed device for feeding 



drugs to the packaging device to stop the feed of drugs, The 
fact that the sheet has been cut is displayed on a display (not 
shown). 

In FIG. 3, the rotary encoder 32 is shown to be mounted 
on the shaft of a feed roller 3. The rollers 3 shown are a pair 
of rollers for feeding sheet by sandwiching it therebetween. 
One of the rollers is driven by a motor, not shown. The rotary 
encoder 32 is mounted on the shaft of the other roller 3 that 
is not driven. The unillustrated motor is driven synchro- 
nously with the motor 6a for the heating rollers 6. But it may 
be omitted, and the feed rollers 3 may be driven by the motor 
6a through a belt. 

The second case is the case where the sheet is not being 
fed at all. In this case, among the three detection sensors, one 
or either of the angle detection sensor and the shift detection 
sensor, and the sheet feed length detection sensor by the 
rotary encoder 32 are not producing signals at all, whereas 
the revolution number counter 33, shown in FIG. 3, can 
count the revolution number signal. In this case, it is possible 
to detect the cutting of the sheet by providing the judgment 
program so as to judge that the sheet has been cut. The 
control after the judgment that the sheet has been cut is the 
same as in the first case. 

The rotary encoder 32 may be provided on the shaft of a 
feed roller 3 as shown, or on the shaft of the motor 6a for 
the heating rollers 6. The judgment programs are exactly the 
same for both of the abovementioned two cases. If the sheet 
is cut in either of the above two cases, the judgment program 
is provided so as to judge that the sheet has been cut if no 
signal is detected by one or either of the shift detection 
sensor and the angle detection sensor, while signals are 
detected by both the rotary encoder 32 and the revolution 
number counter 33. The control after the judgment that the 
sheet has been cut is the same as in the first case. 

This embodiment is applied to the arrangement in which 
as shown in FIG. 2 the magnets 16 and ferromagnetic 
members 17 are provided between the core pipe P and the 
flange portion 15 of the hollow shaft lc so that the core pipe 
Pcan shift relative to the hollow shaft lc (flange 15). But this 
embodiment is applicable to the arrangement, too, in which 
instead of such magnetic fixing means, protrusions made up 
of integral magnets 16 and ferromagnetic members 17 are 
provided on the flange portion 15 (or on the core pipe P) so 
that the core pipe P cannot shift in the rotational direction 
relative to the flange portion 15. In this case, no shift 
detection sensor is provided because the core pipe P does not 
shift. 

In this case, the proximity sensor 26 can be used as an 
a „rrU ^t;;t;- t4 ^ uoul . Tijus, tnis sensor or the angle detec- 
tion sensor comprising the Hall element sensor 25 is used. 
In this example, even if the sheet is cut halfway or the sheet 
is not fed at all, no detection signal is produced by ihe angle 
detection sensor. Thus, depending on whether the rotary 
encoder 32 is mounted on the shaft of a roller 3 or the shaft 
of the motor 6a t the fact that the sheet has been cut is 
detected by the judgment program which judges that the 
rotary encoder 32 is or is not producing a signal while the 
rotation counter 33 is producing a signal. 

The sheet cut detection function by means of various 
sensors and judgment program is necessary in a device of the 
type in which such data as the feed length of the sheet, 
winding length, winding diameter are temporarily stored in 
a memory (RAM), because if the device is stopped and 
turned off while sheet is being fed, interim data disappear 
and cannot be used at the restart. 

By storing final results in an electrically erasable/ 
programmable read only memory (EEPROM), the judgment 



